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An overview of advanced thermoelectric materials
Li-Dong Zhaoa,*, Mercouri G. Kanatzidisb
aSchool of Materials Science and Engineering, Beihang University, Beijing, 100191, China
bDepartment of Chemistry, Northwestern University, Evanston, IL, 60208, USAReview Articles
J Materiomics 2016, 2, 104e113
A first-principles approach to half-Heusler thermoelectrics:
Accelerated prediction and understanding of material propertiesAlexander Pagea, P.F.P. Poudeub, Ctirad Uhera,*
aDepartment of Physics, University of Michigan, Ann Arbor MI 48109, USA
bDepartment of Materials Science and Engineering, University of Michigan, Ann Arbor MI 48109,
USA
We review recent progress in improving the thermoelectric properties of half-Heusler
alloys based on predictions made with first-principles methods, such as band structure
calculations, phase diagrams made via cluster expansion, and the accelerated discovery of
new stable half-Heusler compounds.
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Band engineering and rational design of high-
performance thermoelectric materials by first-
principlestopics in TE research, including the band convergence, the conductive
throughput material screening. Combining first-principles calculationsLili Xia, Jiong Yangb,**, Lihua Wub, Jihui Yangc,
Wenqing Zhangb,*
aState Key Laboratory of High Performance Ceramics and Superfine
Microstructure, Shanghai Institute of Ceramics, Chinese Academy of
Sciences, 1295 Dingxi Road, Shanghai 200050, China
bMaterials Genome Institute, Shanghai University, 99 Shangda Road,
Shanghai 200444, ChinaWe demonstrate the utilization of band structure in varieties of
network, dimensionality reduction by quantum effects, and high
and Boltzmann transport theory, a new strategy is introduced to design high-performance non-cubic thermoelectric (TE) materials
through the utilization of a rational pseudocubic structure that results into cubic-like degenerate electronic bands. Based on the concept
of conductive network, we propose the optimization scheme for both electrical and thermal transport properties in caged filled
skutterudites and caged-free Cu-based diamond-like compounds. Through the high throughput screening method, several promising
half-Heusler compositions with high power factors are proposed out of a large composition collection. At last, we enhance electrical
transport by introducing a new spin-orbit splitting effectethe Rashba spin splitting effect.J Materiomics 2016, 2, 131e140
Layered oxychalcogenides: Structural chemistry and
thermoelectric propertiesSon D.N. Luua,b, Paz Vaqueirob,*
aInstitute of Chemical Sciences, Heriot-Watt University, Edinburgh, EH14 4AS, UK
bDepartment of Chemistry, University of Reading, Whiteknights, Reading, RG6 6AD, UK
This review provides an overview of the structural chemistry of layered oxy-
chalcogenides, which are described using a building block approach, and of the
potential of these materials for thermoelectric applications.Original Articles
J Materiomics 2016, 2, 141e149
Enhanced thermoelectric performance of PbTe bulk materials
with figure of merit zT >2 by multi-functional alloyingTiezheng Fua, Xianqiang Yuea, Haijun Wub, Chenguang Fua, Tiejun Zhua,*,
Xiaohua Liua, Lipeng Hua, Pingjun Yinga, Jiaqing Heb, Xinbing Zhaoa,**
aState Key Laboratory of Silicon Materials, School of Materials Science and Engineering,
Zhejiang University, Hangzhou 310027, China
bDepartment of Physics, South University of Science and Technology of China, Shenzhen
518055, China
Quarternary alloys of Pb1exMgxTe0.8Se0.2 were designed to improve the figure of
merit zT. A maximum zT of ~2.2 at 820 K was achieved in PbTe0.8Se0.2 with 8%
MgTe. High zT of ~2.0 can also be achieved even in such a large dimension (~200 g,
f42 mm  18 mm) bulk sample. These results highlight the multi-functional roles of
quarternary alloying with Mg and Se, and demonstrate the realistic prospect of large-
scale commercial fabrication in high performance PbTe-based thermoelectric
materials.
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Evolvement of microstructure and lattice thermal conductivity in Na
doped PbTeePbS pseudo¡binary system
Meijie Yin, Di Wu, Jiaqing He*
Shenzhen Key Laboratory of Thermoelectric Materials, Department of Physics, South University of Science and
Technology of China, Shenzhen, 518055, China
Multi-scale phases including larger PbS-rich phase, smaller INP (incipient nano-precipitate) and S
alloying element were found coexisting in the PbTe matrix of Na doped PbTe-PbS binary materials
with vary PbS and Na concentrations. The lowest lattice thermal conductivity that was produced in
the 2 mol% Na doped (PbTe)0.88(PbS)0.12Na0.02 material was elucidated by the micro structural
analysis and confirmed by the Callaway's model. It has come to concluded that the larger precipitate
and point defect from the S alloying element make major and synergetic contributions to the heat
impendence other than the U and N processes.J Materiomics 2016, 2, 158e164
First-principles study on band structures and electrical transports of
doped-SnTeXiao Donga, Hulei Yua, Wen Lib, Yanzhong Peib, Yue Chena,*
aDepartment of Mechanical Engineering, The University of Hong Kong, Pokfulam Road, Hong Kong
SAR, China
bKey Laboratory of Advanced Civil Engineering Materials of Ministry of Education, School of
Materials Science and Engineering, Tongji University, 4800 Caoan Road, Shanghai, 201804, China
The effects of ten different dopants on the band structure and electrical transport of SnTe
were investigated from first-principles calculations. Cadmium and Zinc were found to
have the most significant band convergence effect leading to an enhancement in power
factor. Indium induces obvious resonant states, while Hg-doped SnTe exhibits a different
behavior with defect states locating slightly above the Fermi level.J Materiomics 2016, 2, 165e171
Synthesis of SnTe/AgSbSe2 nanocomposite as a promising lead-free
thermoelectric materialJun He, Jingtao Xu*, Xiaojian Tan, Guo-Qiang Liu**, Hezhu Shao, Zhu Liu, Haochuan Jiang,
Jun Jiang***
Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201, China
Nano-composites SnTe - AgSbSe2 have been synthesized by the zone melting method. The lowest lattice
thermal conductivity reaches ~ 0.6 W/m$K at 820 K, due to nanostructuring. The maximum figure of
merit ZT is 0.92 in SnTe e 3% AgSbSe2 at 820 K.
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Enhanced thermoelectric performance of MnTe via Cu doping with
optimized carrier concentrationYangyang Ren1, Qinghui Jiang1, Junyou Yang*, Yubo Luo, Dan Zhang, Yudong
Cheng, Zhiwei Zhou
State Key Laboratory of Materials Processing and Die & Mould Technology, Huazhong University of
Science and Technology, Wuhan 430074, China
Cu-substituted polycrystalline MnTe have been prepared by a melt-quenching and hot press
method. The results show that both the electrical resistivity and band gap can be effectively
decreased while the power factor is greatly increased by Cu doping. A maximum ZT of 0.55
was achieved in the Mn0.925Cu0.075Te sample at 773 K, which is improved by 35% in com-
parison to the pristine MnTe sample.J Materiomics 2016, 2, 179e186
Enhanced thermoelectric performance of chalcogenide Cu2CdSnSe4 by
ex-situ homogeneous nanoinclusionsQiufan Chena, Yanci Yana, Heng Zhana, Wei Yaoa, Yan Chenb, Jiyan Daib,
Xiaonan Suna,*, Xiaoyuan Zhoua,*
aDepartment of Applied Physics, Chongqing University, Chongqing 400044, China
bDepartment of Applied Physics, The Hong Kong Polytechnic University, Kowloon, Hong Kong, China
We have demonstrated that quaternary chalcogenide Cu2CdSnSe4 compounds by ex-situ
homogeneous nanoinclusions can enhance electrical conductivity while reducing the lattice
thermal conductivity. A ZT up to 0.5 was obtained when incorporating 1% nanocrystallites.J Materiomics 2016, 2, 187e195
Reduction of thermal conductivity by low energy multi-Einstein optic
modesHuili Liua,b,1, Jiong Yangc,1, Xun Shia,d,*, Sergey A. Danilkine,**, Dehong Yue, Chao
Wangf, Wenqing Zhangc, Lidong Chena,c,d,***
aState Key Laboratory of High Performance Ceramics and Superfine Microstructure, Shanghai Institute of
Ceramics, Chinese Academy of Sciences, 1295 Dingxi Road, Shanghai 200050, China
bUniversity of Chinese Academy of Sciences, Beijing 100049, China
cMaterials Genome Institute, Shanghai University, Shanghai 200444, China
dCAS Key Laboratory of Materials for Energy Conversion, Shanghai Institute of Ceramics, Chinese
Academy of Sciences (CAS), Shanghai 200050, China
eBragg Institute, Australian Nuclear Science and Technology Organisation, Lucas Heights,
New South Wales 2234, Australia
fClean Energy Materials and Engineering Center, School of Microelectronics and Solid-State Electronics,
University of Electric Science and Technology of China, Chengdu 611731, ChinaThe copper-based thermoelectric Cu2-dSe compound shows extremely low lattice thermal conductivity. The lattice thermal conductivity
and heat capacity were analyzed, and the inelastic neutron scattering measurements and ab initio lattice dynamic calculation were
performed to demonstrate the low energy multi-Einstein optic-like vibrations, which dominate the reduction of the lattice thermal
conductivity in this compound.
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Local ferroelectricity in thermoelectric
SnTe above room temperature driven by
competing phonon instabilities and soft
resonant bondingLeena Aggarwala,1, Ananya Banikb,1,
Shashwat Anandc, Umesh V. Waghmarec,
Kanishka Biswasb,*, Goutam Sheeta,**
aDepartment of Physical Sciences, Indian Institute of Science
Education and Research Mohali, Sector 81, S. A. S. Nagar,
Manauli, PO: 140306, India
bNew Chemistry Unit, Jawaharlal Nehru Center for Advanced
Scientific Research, Jakkur, P.O., Bangalore, 560064, India
cTheoretical ScienceUnit, Jawaharlal NehruCenter forAdvanced
Scientific Research, Jakkur, P.O., Bangalore, 560064, IndiaSnTe exhibits local ferroelectric ordering above room temperature. Local ferroelectricity arises from soft bonding and competing
phonon instabilities at intermediate wavelengths. SnTe becomes an important member of the family of multi-functional ferroelectric-
thermoelectric materials.J Materiomics 2016, 2, 203e211
Carrier distribution in multi-band materials and its effect on
thermoelectric propertiesJun Maoa,b, Weishu Liua,**, Zhifeng Rena,*
aDepartment of Physics and Texas Center for Superconductivity, University of Houston, Houston, TX
77204, USA
bDepartment of Mechanical Engineering, University of Houston, Houston, TX 77204, USA
The effect of band offset E on the thermoelectric properties of Mg2Sn0.75Ge0.25 is inves-
tigated based upon the three-band model, i.e., one light conduction band, one heavy con-
duction band, and one valence band. An appropriate distribution of carriers should be a
higher carrier concentration in the heavy conduction band (with larger m*) while a lower
carrier concentration in the light conduction band (with smaller m*). In order to achieve a
proper distribution of carriers, E should be as small as possible at any temperature, which
explains the reason why band convergence could lead to enhanced thermoelectric
performance.
